###### Strengths and limitations of this study

-   This is the first literature audit of the cost-effectiveness research in cancer therapy, which reported important characteristics in relation to journals, study designs, authorship, consultation and funds.

-   The study includes all relevant journals, over 30 years of follow-up.

-   The study is the first comprehensive analysis of the association between industry funding and results of economic studies on chemotherapies use, of all types, in cancer.

-   The literature search is language restricted.

-   Although all journals were weighted equally in relation to the quality of their publications, it is anticipated that potential bias and confounding is minimised due to the thorough and diverse types of included studies.

Background {#s1}
==========

Cancer is a leading worldwide health problem, with ∼14 million recorded new cases in a year.[@R1] In the USA, for example, over 0.5 million people die from cancer each year, making cancer the number 2 cause of death there.[@R2] Important is the fact that the cancer prevalence has generally been increasing, mostly due to the increasing lifespan of people. While recent lifestyle changes have an impact on the spread of cancers, about two-thirds of the increase in cancer is due to longevity. More than three-quarters of all people diagnosed with cancer in the UK, for example, are over the age of 60.[@R3]

Added to the increasing cancer prevalence, there are several reasons that currently lead to an increase in the cancer therapy market. These include the availability and high development cost of better immunotherapy agents, the non-curable and serious nature of most cancers, the reduced competition among agents as the use of an agent does not preclude from the concurrent/subsequent use of another, that cheaper generics are often not considered as available alternatives to newer more costly agents but they are replaced by them, the earlier diagnoses and increased chronic management, the lack of magnitude threshold of drug benefit and increased insurance premiums due to unpredictable disease status.[@R4] Between the years 2007 and 2013 for instance, the global cancer therapy market more than doubled, increasing from USD40 billion to over 110 billion in 2013. This is a high annual growth rate of over 18%. Looking at the targeted therapy separately, which constitutes 45% of the cancer therapy market, this about tripled in within the same duration, increasing from combined market cost value of about US\$22 billion to almost 70 billion.[@R5]

There are ethical issues surrounding the comparative research on newer therapies for a dangerous disease like cancer, particularly the prospective research, which generally stem from the fact that exposing study participants to increased risk with experimental therapies may not actually be counterbalanced by clinical benefit. In comparative research, participants may, for example, be harmed by receiving a placebo instead of an active treatment or, more commonly, participants stand the chance of receiving an experimental cancer therapy that will eventually turn out to be inferior to the best usual therapy available to patients. This is ethically problematic, given the recognised ethical principle that patients should receive the best proven standard of care whenever feasible.

In any case, apart from any controversies regarding conducting comparative clinical research on the newer cancer therapies, one defining feature of the latter is that they are substantially more expensive than the traditional therapies.[@R6] Here, in recent years, there has been a significant worldwide focus on payers and governmental agency policies to contain spending on cancer by the pharmacoeconomics research, with the cost-effectiveness (CE) analysis (CEA) being the most common. Within the evidence-based medicine therefore, the size of the CEA literature in cancer is anticipated to have increased, particularly in the last decade. Nevertheless, despite recognised importance of the CEA literature on chemotherapies and its role in practice, there is a literature gap concerning how this research field has evolved over the years, in relation to characteristics and the trends in scientific publications. Also, previous research has found that industry-funded economic studies tend to favour the sponsors\' cancer therapies. These, however, were limited in the types of therapy, cancer or methods used (*vide infra*). The growth of the industry authorship and/or funding in the economics research cancer therapy is also not described in the literature. This is important as maintaining balanced funding of economic analyses from other sources may be required to allow greater confidence in the interpretation of results.[@R7]

Within the context of CEA research on all types of cancer chemotherapies, the current study is a thorough audit that sought to answer questions in relation to (1) characteristics of research and scientific publications, (2) trends overtime and (3) the spread of pharmaceutical industry involvement and its potential influence on study outcomes.

With the lack of research method standardisation and a typical lack of compliance with established standards, answers to the study questions in relation to the literature characteristics and trends will be of practical value to researchers in planning and organising their research, journal editors and reviewers in enhancing the quality of published research, and also the decision makers in better understanding a quality of evidence as they contrast this against current strengths and weaknesses of methods in the literature.

Methods {#s2}
=======

This study is a systematic audit, involving all drug-related cancer CEA studies that were published in all English-language medical literature over 30 years (1 January 1986 to 31 December 2015).

Literature review {#s2a}
-----------------

Studies were identified via the PubMed, Embase and EconLit search engines. Screening for initial eligibility was by assessing the title and abstract first. The second screening for eligibility was by the review of the full text of manuscripts. This was performed twice, each by one of the authors ' MA' and 'RA-O' independently. In the case of disagreement, consensus was achieved by discussion with the third author 'DA-B'. Full-text articles that are not freely available were retrieved via the Qatar University library.[@R11]

The PubMed index terms used were the MeSH terms 'Cost--Benefit Analysis' and 'Neoplasms'. The 'Cost--Benefit Analysis' MeSH term includes a variety of entry terms, including the cost-effectiveness, cost-utility, cost--benefit and economic evaluation(s). The 'Neoplasms' MeSH term includes a variety of relevant entry terms, including cancer(s), tumor(s) and neoplasm. The Embase index terms used were the Emtree terms 'cost effectiveness', 'cost benefit', 'cost utility', 'cost minimization', 'economic evaluation', 'cost', 'pharmacoeconomics', 'neoplasm', 'neoplasms', 'cancer', 'cancers' and 'tumor', in addition to the term 'tumors'. The EconLit search terms were 'cost effectiveness', 'cost utility', 'cost benefit', 'economic evaluation', 'neoplasm', 'cancer' and 'tumor'. The search strategy shown in online [supplementary appendix 1](#SM1){ref-type="supplementary-material"} was used for PubMed, and this was adapted for other databases.
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Inclusion and exclusion criteria {#s2b}
--------------------------------

The inclusion criteria are: Publication between 1 January 1986 and 31 December 2015.Drug therapy-based comparative study.Cancer-based underlying disease.CE evaluation.

These involve retrospective and prospective research, and no considerations were made of whether articles were freely available. Via the different search databases used, search included grey literature, such as books, dissertations, conferences, working papers and government publications.

The exclusion criteria are: Non-English language.Non-human studies.Non-comparative research, for example, letters, editorials and general reviews.Non-drug relevant studies.

Definitions {#s2c}
===========

The drug therapy was defined as any chemical used as curative, adjunct, palliative or maintenance chemotherapy in a cancer-related disease. This can be evaluated against a drug, procedure and/or placebo. While the use of placebos in randomised clinical trials (RCTs) of cancer is controversial, it can be justified in cases such as when the stability of a tumour is the targeted effect when compared with shrinkage, whereby a tumour may naturally not grow without treatment. This is added to cases where reduced side effects with newer molecularly targeted therapies are hard to distinguish from the cancer effect. In any case, placebos are only acceptable if no effective therapy is available and that patients on placebos receive the top concurrent supportive care.[@R12]

Industry involvement was defined as having a pharmaceutical industry (organisations) that is responsible for the funding of the study.

Industry involvement in the authorship was also assessed in this study, including that occurring through consultation firms.

Study publications were mainly classified according to: Journal subject category; haematology/oncology, medicine, pharmacology and pharmacy, healthcare sciences and services.The haematology/oncology category in this classification is used to include the haematology and oncology subject categories.The medicine category in this classification is used to include several categories relating to any journal that is of a subject category concerning the subject of medicine, including those relevant to specific body systems as subject categories.There is no journal discipline of pharmacoeconomics that officially exists. Nevertheless, for the purpose of this study, a comparative pharmacoeconomics category of journals was created, which included journals (from across all subject categories) that have announced especial interest in publishing pharmacoeconomics research as part of their scope.The journal that is classified under more than one subject category was considered under the subject category where it was ranked the highest (based on impact factor) relative to the other journals in the category.Information about subject categories of journals was obtained from the 2013 Journal Citation Report, by the ISI Web of Knowledge database, via Qatar University library.[@R11]Method of research; retrospective (non-RCT or meta-analysis) that does not rely on published RCT data and is based on other historical resources, for example, medical records, prospective (non-RCT or meta-analysis) that does not rely on RCT data and is based on other prospective resources, for example, prospective medical record data, RCTs (retrospective) that relies mostly on extracted data from already published RCTs, RCTs (prospective) that relies mostly on prospectively extracted data from ongoing RCTs, meta-analysis (retrospective or prospective).Source of funding; not declared, non-profit, pharmaceutical industry, combination of non-profit and pharmaceutical industry.While we documented any provision of the study drug by a sponsor/manufacturer, this was not solely considered to constitute a study sponsorship. For studies with non-declared sponsor, an industry funding source was assumed if the study drug supplies were provided by, and one or more authors were affiliated with, that particular pharmaceutical sponsor.Coauthorship affiliation; patentee (manufacturer), consultation firm, non-profit.The status of authorship was achieved if one or more study authors were affiliated with the organisation. This does not include potential conflict of interest due to relationship with an organisation, that is, personal funding, consultation role.Declaration of details of potential conflict of interest; there is a conflict, there is no conflict and not indicated.The comparative arm to the study drug; alternative drug, procedure, placebo.Reported study outcome; outcome is in favour of the study drug over control (positive outcome), study drug is equivalent to control, outcome is in favour of control over study drug (negative outcome).Outcomes in the CEA studies are related to the CE ratio, cost saving and the dominance status. The size of the outcome difference was not taken in consideration. This is due to the relative nature of the economic outcomes (and their importance), and the lack of a standardised tool to assess this.

Data collection and statistical analysis {#s2d}
========================================

Authors completed data collection, populating a 33-variable database. Of these, the variables that are most relevant to the analysis are listed in [table 1](#BMJOPEN2016012648TB1){ref-type="table"}.

###### 

Study database variables

  --------------------------------------------------------------------------------- ----------------------------------------------------------------------------
  Journal title                                                                     Author affiliation with patentee, with known sponsor or non-profit funding

  Journal subject category                                                          

  Journal year                                                                      Author affiliation with patentee, with unknown sponsor\
                                                                                    Authors affiliated with a consultation company

  Block (6-year period) number                                                      

  Study methodology employed                                                        Number of coauthors with affiliation with consultation companies

  Study comparator                                                                  

  Study outcome                                                                     Author affiliated with a consultation company, with sponsor known

  Declaration of potential conflict of interest                                     

  Funding source                                                                    Author affiliated with a consultation company, with sponsor unknown

  Non-profit authorship                                                             

  Number of authors with affiliation with patentee, including all company authors   Author affiliation with sponsor and/or source of drug supplies
  --------------------------------------------------------------------------------- ----------------------------------------------------------------------------

Data were grouped into five 6-year periods (blocks) for analysis and presentation purposes.

For validation purposes, while two authors shared data collection, the third author reviewed the extraction (and database population) of the relevant data from each included article. Disagreements, including in relation to miscoding, were further discussed until consensus. Also, randomly selected 10% sample of the included articles had undergone a repeat audit, in relation to the study outcomes, by an institutional research assistant in pharmacoeconomics, in addition to the pharmacoeconomist author (DA-B). The agreement of the latter was of a 98%.

Descriptive statistics were used to measure distribution of variables, and cross tabulation was used to provide information about comparison of frequency data. χ^2^, Fisher exact test or Somer\'s D test was used to measure the difference and association. Significance was set at a p value of \<0.05. Data collection, entry and analyses were performed using SPSS-22.

The PRISMA and AMSTAR reporting checklists have been completed for the purpose of the current systematic review as shown in online [supplementary appendices 2](#SM2){ref-type="supplementary-material"} and 3, respectively.
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Quality assessment {#s2e}
==================

To further understand the changes in study variables overtime, the quality of economic studies was assessed over the study time blocks as a potential confounding factor. To isolate the effect of variations in the study quality on differences in study outcomes under different funding sources, the quality of studies as per the funding source was also reported. The quality of studies was evaluated and scored via the use of the Quality of Health Economics Studies (QHES) checklist. The quality assessment was independently conducted by different individual researchers, as described above under the literature review. Since no standardisation exists for the interpretation of QHES scores, the score 75--100 was set as good, the score 51--74 as fair, the score 25--49 as poor and the score 0--24 as extremely poor.[@R13]

Results {#s3}
=======

The literature search generated 574 publications that met the inclusion criteria in the current study ([figure 1](#BMJOPEN2016012648F1){ref-type="fig"}). The number of included publications is 9, 41, 82, 124 and 318 in the blocks 1986--1991, 1992--1997, 1998--2003, 2004--2009 and 2010--2015, respectively. This is out of 116, 411, 926, 1323 and 2573 found articles in relation to economics of cancer in the study blocks, respectively.

![Flow diagram of studies inclusion and exclusion.](bmjopen2016012648f01){#BMJOPEN2016012648F1}

Journal subject categories {#s3a}
--------------------------

Most of the cancer-related CEA studies were published in journals that are in the haematology/oncology subject category (n=210). This is followed by publications in the journals that relate to medical subject categories (n=159). Those that are published in the healthcare sciences and services journals were 153. Only 52 CEA studies were published in the pharmacy category of journals.

As discussed above, there is no subject category of pharmacoeconomics that officially exists. But when looking at journals across all disciplines, which have announced special interest in publishing pharmacoeconomics research, 146 CEA studies were reported. Based on the analysed CEA literature in this study, the journals in the pharmacoeconomics journal category were: *Clinical Therapeutics*, *Health Technology and Assessment*, *Pharmacoeconomics*, *Clinical Drug Investigation*, *Current Medical Research Opinion*, *Value in Health*, *European Journal of Health Economics* and *ClinicoEconomics and Outcomes Research*.

During 1986--1991, the percentage of contribution of the medical subject category in the literature was more than any other journal category. From 1992 onwards, however, this contribution exhibited a statistically significant decrease (p\<0.001). The contribution of the haematology/oncology category also statistically changed over the 30 years period, with its percentage contribution peaking during 1998--2003. Interestingly, this is immediately preceding the time point when the health sciences and services category of journals started to show contribution in the literature, drastically increasing afterwards until becoming the journal category that contributed the most to the literature in 2015 (41.2%, p\<0.001). The contribution of pharmacy subject category in the literature did not change over the years, it always had the least literature share among the contributing journal categories. The distribution of cancer CEA studies among the different journal subject categories is shown in [figure 2](#BMJOPEN2016012648F2){ref-type="fig"}A. The publications in the pharmacoeconomics journal category consistently increased over time (p\<0.001). These increased to constitute 30.8% of the overall relevant literature by 2015.

![Published studies according to journal subject category (A), study design (B) and funding source (C).](bmjopen2016012648f02){#BMJOPEN2016012648F2}

Research methodology employed {#s3b}
-----------------------------

The vast majority of CEA studies were retrospective in nature; involving 198 studies that are retrospective (but non-RCT or meta-analysis), and 189 studies that are based on retrospective RCT data. Prospective RCT studies were 98 in number. This is higher than the number of prospective studies that were not RCT or meta-analysis (n=85). Only four studies used meta-analysis evaluation, and these were retrospective in nature.

There is an overall increasing trend over time in relation to the use of the retrospective study design (p\<0.001). The usage of the prospective RCT data, however, demonstrated a statistically significant decrease (p\<0.001). This was not the case with the prospective studies that were not RCT or meta-analysis, where the contribution did not statistically change over time (p=0.418). All the meta-analysis-based publications were reported after 2004. Utilisation trends of the different CEA study designs in the literature on cancer can be seen in [figure 2](#BMJOPEN2016012648F2){ref-type="fig"}B.

[Table 2](#BMJOPEN2016012648TB2){ref-type="table"} shows the names of the journals that included ≥5% of the publications in each respective category. This includes the journals that have special scope for pharmacoeconomics research.

###### 

Cost-effectiveness publications according to subject categories journals

  Subject category                           Journal (ranked ascendingly, in within each subject category, according to contribution in the literature)
  ------------------------------------------ ------------------------------------------------------------------------------------------------------------
  Oncology/haematology                       *Journal of Clinical Oncology*
  *Annals of Oncology*                       
  *British Journal of Cancer*                
  *Cancer*                                   
  *Breast Cancer Research and Treatment*     
  *European Journal of Cancer*               
  *Acta Oncologica*                          
  *Oncology*                                 
  Medicine                                   *Support Care Cancer*\*
  *Lung Cancer*\*                            
  *Current Medical Research and Opinion*     
  Pharmacy                                   *Clinical Therapeutics*
  *Clinical Drug Investigation*              
  Healthcare sciences and services           *Pharmacoeconomics*\*
  *Value in Health*                          
  *ClinicoEconomics and Outcomes Research*   
  *Health Technology Assessment*             
  Pharmacoeconomics                          *Pharmacoeconomics*
  *Value in Health*                          
  *Clinical Therapeutics*                    
  *ClinicoEconomics and Outcomes Research*   
  *Health Technology Assessment*             
  *Clinical Drug Investigation*              

\*Journals that have classifications under multiple subject categories.

Study funding {#s3c}
-------------

Over the study period, the source of funding was as follows: not declared in 116 studies, a non-profit organisation in 200 studies and the pharmaceutical industry in 206 studies. A mixed funding jointly by non-profit organisations and the pharmaceutical industry was reported in 52 studies.

Relative to other types of funding, the industry funding demonstrated a significant increase over time (p\<0.001). Although not statistically significant over time (p=0.162), the percentage of contribution increased with non-profit organisations funding. The contribution, however, significantly decreased with non-declared and mixed type of funding (p≤0.003). [Figure 2](#BMJOPEN2016012648F2){ref-type="fig"}C demonstrates the different trends of the studies funding.

Study drugs {#s3d}
-----------

In most of the study publications (n=347), the study drug was compared with alternative medications. A procedure was used as the comparator for the study drug in 71 studies only, while in 156 studies, this was a placebo.

Drug supply by company {#s3e}
----------------------

The study drug was supplied by the drug manufacturer in only 61 of studies. In the majority of the studies, that is, the remaining 513 studies, the source of the study drug was not the manufacturer or was not declared.

Authorship {#s3f}
----------

Coauthorship that is affiliated with pharmaceutical companies and consultation firms has increased in number over time, to a total of 89 and 61, respectively. While this was not a statistically significant trend for the authorship by consultation firms (p=0.627), it was for the authorship by pharmaceutical companies (p=0.019). It is worth noting that the gap size between the two authorships decreased over time. The number of authorships in the follow-up blocks is 2 vs 0, 12 vs 5, 17 vs 9, 21 vs 14 and 37 vs 33, respectively. Also observed is that in 26% of the publications with paid consultation involvement, the study sponsor was unknown, which did not change (p=0.403) over the years.

Throughout the literature, 120 of the studies reported a conflict of interest, 151 studies did not declare whether a conflict of interest existed and most of the studies reported that no conflict of interest existed (n=303). The rate of the lack of conflict of interest declaration statistically decreased over the years (p\<0.001).

Study outcomes and association with the funding source {#s3g}
------------------------------------------------------

A positive outcome in favour of the study drug was reported in 420 studies, 80 studies reported an outcome that is in favour of the comparator intervention, and 74 studies indicated equivalent study interventions.

Taking the funding source in consideration, while the non-declared and non-profit organisation funding was statistically associated with a positive reported intervention outcome (p=0.046 and 0.007, respectively), a comparatively stronger evidence of a statistically significant association existed between sole industry funding and reported outcomes of sponsored-drug studies (p\<0.001, ie, 0.000005). As seen in [figure 3](#BMJOPEN2016012648F3){ref-type="fig"}, in 95.1% of the industry-sponsored studies (196 out of 206 industry-funded studies), outcomes were in favour of the sponsored drug. This is statistically different from studies funded by the industry and when a non-profit organisation funding is involved (mixed types of sponsorships), where no evidence of association with favourable outcomes existed (p=0.134).

![Study outcome and the source of funding.](bmjopen2016012648f03){#BMJOPEN2016012648F3}

Quality assessment {#s3h}
------------------

Results of the quality assessment as per the time blocks and sources of study funding can be seen in [table 3](#BMJOPEN2016012648TB3){ref-type="table"}.

###### 

QHES scores overtime and by funding sources

  Variable        Level                     Mean QHES score (SD)
  --------------- ------------------------- ----------------------
  Study block     1986--1991                67.8 (19.7)
                  1992--1997                78.1 (14.2)
                  1998--2003                83.6 (20.0)
                  2004--2009                89.5 (15.3)
                  2010--2015                87.1 (22.9)
  Study funding   Non-profit                80.4 (18.6)
                  Not declared              78,2 (21.1)
                  Industry                  83.6 (14.5)
                  Industry and non-profit   82.8 (12.2)

Discussion {#s4}
==========

This is the first report to characterise the literature on CE in relation to cancer therapies. The number of studies has rapidly grown, by over 30 folds between 1986 and 2015. This is not surprising because increasingly insufficient financial resources, health economics and, particularly, the pharmacoeconomics analyses are becoming a frequently used criterion for decision-making in modern healthcare policy and patient access, including that related to cancer.[@R16]

There is a shift in the type journals where the cancer CEA is published. Most interestingly haematology/oncology and medicine-related journal categories existed until 2003. Since then, interest has relatively been shifting towards the healthcare sciences and services subject category journals. Generally, the shift is towards journals that specifically have the pharmacoeconomics research in their scope, regardless of subject category. One reason behind this could be that studies are increasingly conducted by specialised pharmacoeconomists and health economists, who are more familiar with journals that have interest in pharmacoeconomics. Another reason could be that authors may find that peer reviewers, in journals that focus on health economics, demonstrate a higher level of understanding of economic methods. In any case, it seems that health practitioners and practices will need to make sure to include specialised pharmacoeconomics and healthcare sciences and services journals in their readings and evidence search, despite the less relevant nature of the journals. Further, decision makers may need to make sure that systematic reviews, submitted to them for appraisal of interventions, include specialised databases relevant to pharmacoeconomics and healthcare sciences and services research. Studies between 1986 and 2003 were predominantly using prospective RCT data; from 2003 onwards, the retrospective design dominated, in relation to RCT and non-RCT data. Despite the general consideration of the prospective RCT design as the ideal source of data in comparative research, it is increasingly tempting to use the retrospective data. Retrospective data are inexpensive, reflect large sample sizes and, importantly, are readily available via increasingly large databases and open-access data resources. This added to recent technological advances in data collection and storage have enhanced the robustness of the retrospective data available. While prospective RCT data contributed in the literature more than prospective non-RCT data initially, the prospective non-RCT data were used more afterwards. Researchers seem to maintain an interest in the specific nature of the prospective data, but are decreasingly relying on RCT research, perhaps due to relatively expensive and more demanding nature of the latter. Such findings can be enlightening for future researchers, whereby the advantages of retrospective research can be used more by them. Also, decision makers, journal reviewers and editors, and the funding bodies can better appreciate the increasing role that retrospective research has in the provision of knowledge and evidence in the literature, especially given the relative inferior quality image that this research can easily have. Important, is that if decision makers and the health agencies and committees do look at the overtaking of the prospective type research by the retrospective one as a weakness in the literature and evidence it provides, these may need to put more efforts as part of their guidelines and requirements to particularly encourage researchers towards the former type of research.

The disclosure of funding sources has not generally increased over the study period, indicating a less than ideal transparent reporting of this relationship. This contradicts a literature study, by Buchkowsky and Jewesson,[@R17] which indicated an improvement in the disclosure of funding sources in the literature over time, reaching 90% of publications. The Buchkowsky and Jewesson study, however, was to analyse clinical trials, and in five journals only. It seems that the disclosure of funding is more associated with RCTs than other types of studies. In addition, the five journals studied by Buchkowsky and Jewesson are some of the most prominent journals, with which strict guidelines in relation to the disclosure of funding are mostly implemented. To note, an observed lack in the disclosure of the funding source is just an observation of a literature characteristics and does not necessarily indicate a lack of transparency by authors. This is as if disclosing the financial sources behind a study is not necessarily a requirement by publishing journals. This is particularly true in the 1980s and 1990s, before many of the reporting guidelines were published,[@R18] which may especially explain the lower disclosure rate reported by Buchkowsky and Jewesson in the same period.

The industry funding was significantly increasing, resulting in about similar overall prevalence to the non-profit organisations funding by 2015. This is not consistent with the literature studies, by Lexchin *et al*[@R26] and Buchkowsky and Jewesson,[@R17] whereby the prevalence of industry funding was reported to be lesser than other types of research funding. It is important to note here, however, that the Lexchin *et al* and Buchkowsky and Jewesson studies were simply focusing on the clinical trials research and up to the year 2000 only. The latter is actually in support of our study, where the size of the industry funding was overtaken by the other funding sources until early 2000s. Also, clinicians are perhaps less inclined to generally conduct CEA research when compared with clinical research, without the availability of industry funding.

The observation of an increasing trend of industry funding over time was consistent with the literature reports, by Clifford *et al*[@R27] and Buchkowsky and Jewesson,[@R17] in relation to clinical trials in five selected medical journals in the literature. This is also consistent with an increasing contribution percentage of industry funding reported, by Peppercorn *et al*,[@R28] relating to breast cancer clinical trials publications in 10 journals, over 10 years follow-up.

The pharmaceutical industry authorship was at an increasing trend over time. This is supported by the Peppercorn *et al* report,[@R28] where the industry authorship prevalence was found to increase over the 10 years of study follow-up, ending by 2003, but was not statistically significant.

There is an increase in consultation authorship over time and at a higher rate than the industry authorship. It is assumed, therefore, that the contraction of consultation firms by the pharmaceutical industry in relation to the cancer CEA is also increasing. The surprising thing in relation to the publications with paid consultation involvement is that in over quarter of them, the source of the study funding was not disclosed.

Changes in the quality status of economic evaluations overtime do not seem to be a factor behind changes in the above study\'s variables overtime. Included studies were in average of good quality. While the evaluations in the first study block were generally less than good, they were not poor, and few in number.

The majority of studies reported positive outcomes in favour of the study drug (ie, 73.1% of studies). A similar trend was also reported by Tungaraza and Poole,[@R29] where positive findings were reported in 80% of clinical trials analysed in three psychiatric journals. It seems that authors are less likely to submit for publishing negative outcomes, and/or that journals are more likely to accept for publication the positive or significant findings.[@R30] These are regardless of the source of funding. Here, disseminating negative research findings is an issue that gains traction, whereby journals are increasingly publishing negative results, including via specialised journals. Added to it is the pressure made on/by funding agencies for researchers to make all gathered data available. These efforts however are very recent and seem to have not yet affected the prevalence of reported positive/negative outcomes overtime.

The economic outcome of a study intervention tended to more statistically significantly be positive in studies that are solely industry funded than in studies with non-declared or non-profit funding. It is important that, as discussed above, differences in study quality can be excluded as a confounding factor behind differences in the rate of positive outcomes among the different sources of study funding. The potential association between industry funding and reported study outcomes was extensively investigated in the literature. Large literature reviews were reported by Lundh *et al*[@R34] and Lexchin,[@R35] suggesting an evidence that industry-funded studies produce biased results. These however only analysed clinical trials, with pharmacoeconomics being out of scope. A wider scope review of systematic reviews was reported by Schott *et al*,[@R36] where 26 publications were reported to have had investigated the possible relationship between the industry funding and favourable study results for interventions. In agreement with our study, 20 of these suggested that a statistically significant association existed. Nevertheless, these reports were of clinical trials only. There are other studies that especially evaluated the funding influence within the pharmacoeconomics research.[@R7] [@R37] Although these also concluded a significant influence of industry funding, only four of them related to cancer. Friedberg *et al*[@R7] reported a reduced likelihood of unfavourable results in industry-funded studies, but this was in 1999 and only included three drug classes. The study by Hartmann *et al*[@R8] also reported a significant association, but this was in 2003, only related to oncology. Jang *et al*[@R9] reported the significant influence as well, but this only related to breast cancer therapies. Similar conclusion was also more recently reported by Valachis *et al*,[@R10] but only related to targeted therapies in oncology and only included clinical trials. To emphasise, the conclusion made in the current study relates to the isolated industry funding only, in separation from the mixed type of funding. This better suggests the isolated influence by the pharmaceutical companies. This separation was not taken in consideration by the relevant literature, except for the study by Buchkowsky and Jewesson.[@R17] But the association with both as reported in their study was not statistically significant. This is consistent with the current study, in relation to the mixed funding.

There are several potential reasons behind this connection between industry funding and positive study results. There is evidence that pharmaceutical companies often influence the study methodology to their advantage.[@R42] For example, the use of placebos instead of alternative controls was found to be more common in industry-funded studies.[@R32] Another reason is that up to 50% of the research conducted by pharmaceutical companies remains unpublished, if did not produce significant positive results.[@R30] Even before studies are conducted, a pharmaceutical company may selectively fund comparative research on drugs that they consider to be superior over competition.[@R7]

There are already several published research reporting guidelines for reporting the different aspects discussed in this study,[@R18] including in relation to the pharmacoeconomics research, that is, CHEERS. Results in the current study, however, suggest that more effort by reviewers and editors of CEA publishing journals should be put towards adhering to these guidelines, perhaps via rejecting to publish (or review) articles that do not clearly disclose standardised reporting details, which is what editors of several impact journals reported to already do, as appears in the report 'Uniform Requirements for Manuscripts Submitted to Biomedical Journals: Writing and Editing for Biomedical Publication', by the International Committee of Medical Journal Editors.[@R46] [@R47]

There are several strengths in the current study. The reviewed studies are not from selected journals, which enhance the external validity of results. Also, the analysed studies represented 100% of the found literature. In addition, the 30-year duration of follow-up in this study is sufficient and larger than in similar literature studies. Further, this is the first study to explore the CEA literature of cancer therapies, and in relation to the association between industry funding and study results, this is the most comprehensive. Moreover, an assessment of the quality studies was conducted for the exclusion of this as a confounding factor.

There are several limitations with our study. While it is acknowledged that studies of different types of cancer or chemotherapies have different levels of priority for decision makers, the scope of the present study is in relation to the comparative literature studies in general, with no special interest given to any particular type of cancer or therapy. Restricting search to English literature is another limitation in the study. The authors do not have the resources to translate all the non-English research literature that generated from a non-restricted search, which include, for example Chinese, French, German, Japanese and Russian. This is when including certain non-English language literature while excluding others is not justified. Nevertheless, this is not a therapeutics review where looking at every relevant publication is required and, in any case, this study\'s observations are limited to the scope of the restricted search, For our purpose, the English-based literature is considered representative of scientific literature. Moreover, while comprehensive literature search was indeed conducted in this study, relevant studies could have been also explored in other literature databases that may include Global Health, Health Economic Evaluation Database, Cost-effectiveness Analysis Registry, Open Grey and Information technology Assessment international. This study does not review the literature at the therapy level, where no conclusions are made in relation to use of therapies in practices and the evidence. Ongoing research, however, does exist in relation to assessing CE of chemotherapies and making recommendations for best evidence-based use in clinical practices.[@R48] Further to limitations, searching additional MeSH terms to those in the study and/or additional aggregations of them is always possible and may generate additional studies. Also a limitation is that while different journals have varying publication criteria, all journals were weighted equally in this study, which can be associated with bias. This publication bias is anticipated to be minimised, however, due to how thorough the search strategy was, which included 100s of articles of all types, from all settings, from all perspectives, from all journals, in relation to all therapies for all cancers, and over a very long duration. In addition, our selection of 5 time periods was arbitrary, and other methods could yield different results. Nevertheless, the number of time points we used is more than that used in similar published research.[@R49]

Conclusion {#s5}
==========

Literature journals are gradually more interested in publishing CEA investigations, particularly in journals that clearly focus on the health economic research. Our findings also indicate that researchers are increasingly relying on less than ideal source of data (ie, retrospective data), when compared with the prospective. The industry funding of research is prevalent and increasing over time. The industry authorship is also increasing in publications, but to a lesser extent than that by paid consultation firms. In this study, we suggest that the evidence that a CE evaluation of cancer therapies may not report a result that is not positive is stronger with sole pharmaceutical industry funding than with other funding sources. The findings in the current study enable several opportunities for the researchers, journal editors and reviewers, and the decision makers to enhance the CE literature in cancer as they conduct, revise and appraise research and synthesise evidence.
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